The formation and extraction of ion-associate complexes between the vanadium(V) -4-(2-thiazolylazo)resorcinol (TAR) anionic chelate and the cations of some mono-and ditetrazolium salts {3- (4,5-dimethyl-2-thiazol
Introduction
The tetrazolium salts (TS) are organic compounds, containing a quaternary nitrogen atom included in a five-membered ring. Three locations for substitutes in the tetrazolium ring are possible (Fig. 1) , ensuring the diversity of properties for this class of compounds. TS are commercially available, reasonable priced, contain low-toxicity, and are stable to acids and heat [1] .
Fig. 1 Structure of mono-and ditetrazolium salts deriving from 2H-tetrazole.
The present paper is part of a continued investigation on the extraction of ternary ion-associate complexes involved a colored chelate anion and a tetrazolium cation. Such complexes have been used for the extractive-spectrophotometric determination of Ti(IV) [2] , Mo(VI) [3] [4] [5] , W(VI) [6] , Ge(IV) [7] and V(IV,V) [8] [9] [10] [11] [12] [13] .
Searching for systems which allow a sensitive, selective, fast and inexpensive determination of vanadium are attracting special interest, due to great industrial, biological, ecological, and pharmacological importance of this element [14] [15] [16] [17] . Vanadium can exist in many oxidation states (from II to V), but most methods have concentrated on its determination in the pentavalent and tetravalent states, as these are the most common forms encountered in inorganic and biological systems [15, 16] . Among the important color reactions of V(V) are those with heterocyclyc azo dyes [14] [15] [16] 18] . Azoderivatives of resorcinol, in combination with TS, have been reported to be sensitive reagents for extractivespectrophotometric determination of V(V) [8, 9, [11] [12] [13] [19] [20] [21] . The present paper studies the complex formation and extraction of V(V) with 4-(2-thiazolylazo)resorcinol (TAR) and some mono-and ditetrazolium salts, namely:
-tetrazolium] chloride (Tetrazolium blue chloride, BTC) and 3,3'-(3,3'-dimetoxy-4,4'-biphenylene)bis[2-(4-nitrophenyl)-5-phenyl-2H-tetrazolium chloride] (Nitro blue tetrazolium chloride, NBT). The comparative analysis of the obtained results will allow us to examine the effects of molecular weight and the nature of the substituents on the tetrazolium ring on the properties of the ternary complex. The best TS for extractive-spectrophotometric determination of vanadium will be selected.
V(V) is known to form ternary ion-associate complexes with TAR in the presence of high molecular weight amines [22] , tetraphenylarsonium and tetraphenylphosphonium salts [23] . Information exists regarding the complexation between V(IV,V) and TAR in a mixed water-ethanol and water-dimethylformamide medium [24] . 
Procedure for establishing the optimum operating conditions
Aliquots of buffer solution, V(V) solution, TAR solution and TS solution were introduced into 125-cm 3 separatory funnels. The resulting solutions were diluted with distilled water to a total volume of 10 cm 3 . Then 10 cm 3 of an organic solvent was added, and the funnels were shaken for 0.5-3 min. A portion of the organic layer was filtered through a filter paper into a cell, and the absorbance was read against a blank.
Procedure for determination of the distribution constants
The distribution constant K D was found from the ratio K D = A 1 /(A 3 -A 1 ) where A 1 is the light absorbance obtained after a single extraction (at the optimum operating conditions -see table 1) and A 3 is the absorbance obtained after a triple extraction under the same conditions. The single extraction and the first stage of the triple extraction were performed with 10 cm 3 chloroform. The organic layers were transferred into 25-cm 3 calibrated flasks and the flask for the single extraction was brought to volume with an extract of the reagents TAR and TS. The second stage of the triple extraction was performed by adding a 7-cm 3 portion of chloroform extract of the reagents to the aqueous phase which remained after the first stage. The third stage was performed in the same manner. The two successive organic layers were transferred to the flask containing the organic layer obtained after the first stage. The volume was brought to the mark with extract of the reagents and shaken for homogenization. Absorbances A 1 and A 3 were measured at 550 nm against a blank.
Procedure for the determination of vanadium in catalysts
50-500 mg of the powdered catalyst sample was placed in a 100-cm 3 -in-volume beaker. 25 cm 3 of H 2 SO 4 (1:1) were added and the content was heated gently for about 30-40 min. The resulting mixture was diluted to 100 cm 3 and filtered through a filter paper at medium speed. The precipitate of the silicic acid was carefully washed. The filtrate and the liquid fraction obtained after washing were transferred into a 1 dm 3 volumetric flask. Any V(IV) was carefully oxidized to V(V) with 0.03 mol/dm 3 KMnO 4 until a steady (for a few minutes) pink color appeared. Then the solution was diluted with water to 1 dm 3 [11] .
An aliquot (5-25 μg V) of the obtained solution was placed in a 125-cm 3 separatory funnel. The pH was adjusted to 4-5 by adding dropwise 3% ammonia solution. Then, 3 cm 3 of the acetate buffer solution (pH=4.75), 1.0 cm 3 of the 2.0×10 -3 mol/dm 3 TAR solution, and 1.0 cm 3 of the 2.0×10 -3 mol/dm 3 MTT solution were added. After diluting the aqueous phase with water to 10 cm 3 , 10 cm 3 of chloroform were added. The content was shaken for 2 min. The organic layer was filtered through filter paper, and the absorbance was measured at 550 nm against a blank. The vanadium content was read from a calibration plot.
Results and discussion

Optimum extraction conditions and spectral characteristics
In a slightly acidic medium, TAR reacts with V(V) to produce a red-colored, anionic complex [24] . In the presence of TS, compounds of the ion-associate type are formed [19, 21] which are sparingly soluble in water but are easily soluble in chloroform and dihloroethane. Chloroform was chosen for our experiments, because of the instant phase separation after shaking [11] . A well defined maxima at λ = 550 nm are observed in the spectra during optimum extraction conditions (see Fig. 2 and Table 1 ). The light absorbance at λ max is stable for a long time (at least a day). No waiting is necessary for color development in contrast to some V(V) -4-(2-pyridylazo)resorcinol -organic salt systems (details are given in ref. [20, 21] ).
One can conclude from Fig. 2 that the pH intervals for the maximum extraction of the complexes with monotetrazolium cations are almost identical. The increase in the molecular weight of the ditetrazolium cations, however, causes a shift of the optimum pH range towards higher pH values. This fact can be contributed to the low ability of di-TS with higher molecular weight to assist in the deprotonation of TAR in acidic solutions.
The effect of TAR and TS concentrations on the extraction of V(V) is shown in Fig. 3 . It can be concluded that a small reagent excess towards V(V) ensures its maximum extraction. Optimum operating System operating conditions and 
Fig. 2 Absorbance of V(V)-TAR-TS extracts against TAR-TS extracts (-) and TAR-TS extracts against chloroform (---) vs. pH of the aqueous phase plots. C
V (V ) =2×10 −5 mol/dm 3 ; C T AR =C T S =2×10 −4 mol/dm 3 .C V (V ) =2x10 −5 mol l −1 , C T AR =2x10 −4 mol l −1 , pH=4.75; 1' -C V (V ) =2x10 −5 mol l −1 , C INT =2x10 −4 mol l −1 , pH=4.75; 2 -C V (V ) =2x10 −5 mol l −1 , C T AR =2x10 −4 mol l −1 , pH=5.5; 2' -C V (V ) =2x10 −5 mol l −1 , C NBT =2x10 −4 mol l −1 , pH=5.5.V(V)- V(V)- V(V)- V(V)- V(V)-
Composition of the complexes
The molar V(V) to TAR and the V(V) to TS ratios were determined by using a set of known methods -the equilibrium shift method, the Bent and French method and the Asmus method [25] . The equilibrium shift method (Fig. 4) is suitable for stepwise complexation [25] . Fig. 4 illustrates that at high reagent concentration the V(V) to mono-TS ratio is 1:3 (tgα= 3, curve 1), the V(V) to di-TS is 2:3 (tgα= 1.5, curve 2) and the V(V) to TAR ratio is 1:2 (tg α= 2, curves 1' and 2'). The same molar ratios were obtained following the method of Asmus. The Bent and French method (Fig. 5) demonstrates reliable results at a low reagent concentration [25] . Fig. 5 illustrates that tgα= 1 (curves 1, 1' and 2'), which corresponds to 1:1 V(V) to reagent ratio, and tgα=0.5 (curve 2), which corresponds to 2:1 V(V) to di-TS ratio. Similar tgα values were obtained from the equilibrium shift method at low reagent concentrations (Fig. 4) . The results give us grounds to assume that 1:1:1 (V:TAR:mono-TS) and 2:2:1-complexes (V:TAR:di-TS) are formed because of the deficiency of reagents. Using optimum reagents concentrations, 1:2:3 (V:TAR:mono-TS) and 2:4:3-complexes (V:TAR:di-TS) are 
formed. Keeping in mind that in solutions of pH 4-6, V(V) and TAR are predominantly present as H 2 VO − 4 [15] and H 2 R [26] respectively, one can assume that at optimum conditions the reactions occur as shown in the equations (1), (2') and (2").
) In contrast to the previously studied reagents (high molecular weight amines [22] , tetraphenylarsonium and tetraphenylphosphonium salts [23] ), which form ion-associate complexes with 1:1 V(V) to TAR molar ratio only, TS are able to stabilize 1:2 V(V) to TAR anionic complexes [19, 21] . Similar behaviour of TS is reported for the V(V) -4-(2-pyridylazo)resorcinol -TS -water -organic solvent systems [8, 12, 20] (i) Formation of ion-associate complexes in the aqueous phase based on the equations 2' and 2" with equilibrium constants:
(ii) Distribution of the complexes between the aqueous and the organic phase.
{(TS)
The distribution constants for complexes with mono-TS and di-TS could be expressed as follows:
(iii) Extraction of the ternary complexes from water into chloroform.
The extraction constants for the systems with mono-and di-TS could be expressed as follows:
(iv) Decomposition of the extracted 1:2:3 and 2:4:3 complexes at dilution with the organic solvent.
{(TS
To avoid the shift of equilibria 5' and 5" to the right, the calibrated flasks which were used to determine the distribution constants (see section 2), had to be filled up to the mark with the extract of the reagents TAR+TS instead of the pure solvent [20] .
The association constants β were determined by the method of Komar-Tolmachev [25] at ratios of C V (V ) to C T S =1 to 3 or 2 to 3 for mono-and di-TS respectively. Additionally the method allows the calculation of the true molar absorptivities ε the complexes. The values obtained are similar to those determined using Beer's law (ε') in the concentration range of 0.1 to 2.5 μg/cm 3 vanadium(V) (see Table 1 ). The extraction constants K Ex and recovery factors R% were calculated according to the formulae K Ex = K D × β and R% = K D ×100/(K D +1), respectively. The obtained values of K Ex , K D , β and R% are presented in Table 2 .
All calculations were carried out at a probability of 95%.
3.4 A relationship between the association constants of tetrazolium complexes and the molecular weight of tetrazolium cations A linear relationship between the molecular weights of tetrazolium ion-associate complexes with some inorganic anions (TlCl Equilibrium System constants and the higher the association constant. This relationship has been used to predict the possible association and values of the association constants of unknown complexes with the framework of the studied class of compounds [27] . 
The present investigations as well as the results [19, 21] allowed us to check the existence of such a liner relationship for mono-and ditetrazolium complexes containing chelate ligands (Fig. 6) . A very well defined linearity (a correlation coefficient R 2 =0.9989) could be seen in Fig. 6 [27] . It can be concluded that the molecular weight is not the sole factor influencing the β value. Hence, calculations intended to predict the association constant values should be carefully conducted, especially where input data for INT and NBT complexes are concerned. 3− with mono-and ditetrazolium salts. TT + -triphenyltetrazolium cation [19] , NT 2+ -neotetrazolium cation [21] ; , -experimental data; , -calculated from the equation of the line.
3.5 The choice of best TS for the determination of vanadium TV and MTT appear to be the best reagents to determine V(V) in the presence of TAR because of the following:
(i) Highest stability of the complexes.
( Fig. 2 ). Moreover the recovery factor with MTT is higher.
The effect of diverse ions and analytical application
The effect of a diverse set of ions to determine V(V) with TAR and MTT is examined in the presence of 10 μg V(V) in a 10 cm 3 aqueous solution. The ion-associate complex (MTT) 3 [VO 2 R 2 ], was successfully applied to determine vanadium in the catalyst of oxidation of SO 2 to SO 3 without masking ( Table 4 ). The Fe:V ratio in the sample should be given special attention. If the Fe 3+ to V(V) ratio is higher than 0.4, the masking with CDTA is obligatory. The described method gives satisfactory results and could compete successfully with the known and practiced methods in terms of sensitivity [11, [28] [29] [30] , selectivity [11] and rapidity [13, 28] . Table 3 Results of determination of vanadium in used catalyst (n=5, P=95 %). 
